Objective: Reoperative thyroid surgery is rare and has a high complication rate. This retrospective cohort study was performed to determine the recurrent laryngeal nerve injury and hypoparathyroidism rates after reoperative thyroid surgery in two university hospitals in Benghazi, Libya.
INTRODUCTION
While reoperation is uncommon in thyroid surgery (1, 2) , some patients who have undergone a previous thyroid surgery for benign or malignant disease have to undergo thyroid reoperation (2) . Reoperative thyroid surgery is challenging because of the scarring, edema, tissue friability, and anatomical distortion caused by the primary operation. These factors markedly increase the incidence of complications (3) . The British Association of Endocrine and Thyroid Surgeons reported in 2009 that reoperative thyroid surgery is associated with a 3-fold and 2-fold increase in permanent hypoparathyroidism and permanent recurrent laryngeal nerve (RLN) palsy rates as compared to the rates after primary thyroid surgery, respectively (4) . This indicates that even extensive surgical experience and a good knowledge of the normal anatomical variations of the RLNs and the parathyroid glands (which are important for reducing the postoperative morbidity after primary thyroid surgery) may not be sufficient in cases where the RLNs have a distorted anatomy due to strong postoperative adhesion or where devascularization of the parathyroid glands has occurred after the previous surgery (5) .
A retrospective cohort study in Switzerland of 109 patients who underwent thyroid reoperation for disease recurrence after previous subtotal resection in [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] showed that reoperation on the previously operated lobe or both lobes (denoted as ipsilateral reoperation) is associated with a significantly higher rate of morbidity than the primary surgery, whereas this difference was not observed when reoperation was on the previously unoperated lobe (contralateral reoperation) (6) .
The aim of the present study was to review our experience with reoperative thyroid surgery, to compare the results with published data, and to compare the ipsilateral and contralateral groups in terms of RLN injury and hypoparathyroidism rates.
MATERIAL AND METHODS
In total, 73 consecutive patients who underwent thyroid reoperation between January 2002 and July 2014 in two university hospitals (Benghazi Medical Center and 7 th October Hospital) in Benghazi, Libya were identified by a retrospective review of the medical records. The research was performed according to the World Medical Association Declaration of Helsinki.
All patients had undergone a single prior thyroid surgical operation. The medical history, examination results, operation details, and clinical outcomes during follow-up were recorded. The patients were di-vided according to whether reoperation was on the ipsilateral or contralateral lobe, as defined previously (6) .
Before reoperation, the mobility of the vocal cord was determined by indirect laryngoscopy. The reoperation approach was through the scar of the previous Kocher's incision. Thereafter, the thyroid gland was reached either by splitting the strap muscles in the midline or laterally by entering between the anterior border of the sternocleidomastoid and strap muscles. The parathyroid glands and RLNs were identified intraoperatively by standard techniques. A nerve stimulator was not used in all cases because of the paucity of this device in the hospitals. None of the cases underwent intraoperative frozen-section analysis. After reoperation, indirect laryngoscopy was repeated in patients who presented with hoarseness, dyspnea, and/or reduced voice quality. Nerve palsy that continued for more than 6 months was classified as persistent RLN palsy. The diagnosis of postoperative hypocalcemia was determined clinically and/or biochemically. Symptomatic hypocalcemia was considered if any episode of symptoms or signs of hypocalcemia appeared, including tingling or numbness in the lips, hands and/or feet, Chvostek's sign, Trousseau's sign, muscle cramp, or tetany. Biochemical hypocalcemia was considered if serum calcium levels dropped below 8.0 mg/dL. Symptomatic or biochemical hypocalcemia that continued for more than 6 months and required treatment was classified as persistent hypoparathyroidism. The parathyroid hormone (PTH) assay was not used to predict postoperative hypocalcemia.
All patients in both groups were followed in the surgical outpatient department for at least 6 months after reoperation and depending on postoperative endocrine status, each patient was then invited to engage in a further variable follow-up program by the endocrinologist in the endocrine clinic.
Statistical Analysis
The two groups were compared in terms of categorical variables by using Fisher's exact test. All statistical analyses were performed by using the Statistical Package for the Social Sciences (SPSS Inc.; Chicago, IL, USA), version 18.0 software program. P values <0.05 were considered to indicate statistical significance.
RESULTS
Of the 73 patients who underwent reoperative thyroid surgery during the study period, 66 were female and seven were male. The median age of the cohort was 37 (19-80) years. The most common indication for reoperation was completion thyroidectomy for well-differentiated thyroid cancer after finding malignancy in thyroid lobectomy (n=35, 48%), followed by recurrent multinodular goiter (n=27, 37%), recurrent uninodular goiter (n=9, 12.3%), and recurrent thyrotoxicosis (n=2, 2.7%). Of the 27 patients with recurrent multinodular goiter, 21 had multinodular goiter in the previously operated side and six in the contralateral compartment. The recurrent uninodular goiter and thyrotoxicosis cases all recurred in the ipsilateral side. None of the cohort patients underwent reoperation due to recurrent thyroid cancer after primary surgery.
Thus, of the 73 patients, 41 (56.2%) were placed in the contralateral group: all underwent contralateral thyroid lobectomy because the ipsilateral lobe had been removed at the initial thyroid surgery. Of these 41 contralateral group patients, 35 (85.4%) and six (14.6%) underwent lobectomy during reoperation for thyroid cancer and recurrent multinodular goiter, respectively.
The remaining 32 patients (43.8%) were placed in the ipsilateral group because all underwent reoperations to remove thyroid tissue from the ipsilateral side or both sides. Of these 32 ipsilateral group patients, 21 (65.6%) underwent total thyroidectomy (19 for recurrent multinodular goiter and two for recurrent thyrotoxicosis), nine (28.1%) underwent total lobectomy (all for recurrent uninodular goiter), and two (6.3%) underwent near total thyroidectomy (both for recurrent multinodular goiter).
For the overall cohort, the average interval between the initial thyroid surgery and reoperation was 5.1 years (range, 1 month to 19 years). For the 35 patients with thyroid cancer, this interval was 53.4 days on average (range, 1-4 months). Thus, the ipsilateral group had a significantly longer interval between the primary operation and reoperation than the contralateral group (10.1 vs. 1.2 year).
The overall average duration of postoperative follow-up was 13 months (6-24 months). Nine (12.3%) patients developed postoperative transient hypocalcemia. None developed permanent hypocalcemia. Five (6.8%) and one (1.4%) patient developed transient and permanent RLN injury, respectively. The ipsilateral group had a higher rate of permanent RLN injury after reoperation than the contralateral group (3.1% vs. 0%). It also had higher rates of transient RLN injury (12.5% vs. 2.4%) and transient hypocalcemia (28.1% vs. 0%). The two groups did not differ significantly in terms of permanent hypocalcemia rates (both 0%) ( Table 1 ). There was no postoperative mortality in our study cohort. 
DISCUSSION
Reoperative thyroid surgery is not a harmless procedure, even in highly specialized medical centers, as it is associated with relatively high rates of permanent RLN palsy and hypoparathyroidism (5). Both of these complications can severely affect patient quality of life, and are therefore key postoperative outcomes of thyroid surgery (7).
Müller et al. (7) showed in 2001 that the risk of permanent RLN palsy is five times greater after repeat surgery for recurrent goiter than after the primary surgery, even when the operation is performed by an experienced endocrine surgeon. Table 2 shows the rate of permanent RLN injury in their study (3%) along with the rates reported by other studies on reoperation. Five other studies reported very low permanent RLN palsy rates (0.9%, 0%, 0%, 0.4%, and 0.9%, respectively) (3, (8) (9) (10) (11) (1) . Thus, in our study, the overall rate of permanent RLN injury after reoperation was comparable to those of other studies (1.4%). Moreover, the transient RLN injury rate of 6.8% is comparable with that previously published, which ranged from 0% to 9.4% (9, 12, 15) .
Permanent hypoparathyroidism is another dangerous and disabling complication of reoperative thyroid surgery. Three studies reported high rates of this complication (6.6%, 4.4%, and 4.2%, respectively) (3, 12, 14) , while five others reported intermediate rates of 1.7-3.2% (Table 2) (1, 2, 5, 10, 18). The remaining six studies reported negligible rates of permanent hypoparathyroidism (0-0.5%; Table 2 ) (7-9, 11, 13, 15). In our study, the rate of permanent hypoparathyroidism was also 0%. The low rates of permanent hypocalcemia after reoperation may be due to the use of operative techniques that aim to preserve the vascular pedicle of the parathyroid glands after capsular dissection (1, 19) .
Regarding transient hypoparathyroidism after reoperative thyroid surgery, one study reported an unusually high rate of 38.7% (3) . By contrast, the remaining studies reported rates that range from 3% to 20.7% (Table 2 ). In our study, the rate of transient hypoparathyroidism was 12.3%.
Comparison of the ipsilateral and contralateral groups in the present study revealed that reoperation on the ipsilateral side was associated with a relatively higher rate of permanent RLN palsy (3.1%) than reoperation on the contralateral side (0%), but the difference was not statistically significant. This is likely to be due to the greater frequency of adhesions and anatomical difficulties in ipsilateral reoperation. By contrast, the contralateral group underwent surgery on a completely virgin territory, such as that seen in primary thyroid operations: all patients in the contralateral group either had had a previous unilateral hemithyroidectomy and required reoperation for recurrent benign thyroid disease, or they had well-differentiated thyroid cancer and required completion thyroidectomy after finding malignancy in initial thyroid lobectomy.
Despite the scarring, adhesions, and the anatomical complications associated with reoperative thyroid surgery, a number of previous studies found no significant correlation between complication rate and previous surgery (12, 14) . Gulcelik et al. (12) reported that when permanent RLN palsy and permanent hypoparathyroidism were evaluated, there was no statistically significant difference between completion thyroidectomy and total thyroidectomy for differentiated thyroid cancer. The rates for permanent RLN palsy and permanent hypoparathyroidism reported were 2.5% and 4.4%, respectively, in the completion thyroidectomy group and 0.9% and 4.6%, respectively, in the total thyroidectomy group. Erdem et al. (14) concluded that completion thyroidectomy for differentiated thyroid cancer can be done safely with a low morbidity rate that is not significantly different from that of primary total thyroidectomy when the operation is performed in specialized centers. The rates of the two most important complications, permanent RLN palsy and permanent hypoparathyroidism, were 3.5 and 4.2%, respectively, in the completion thyroidectomy group, and 3.3 and 4.3%, respectively, in the primary total thyroidectomy group.
Rudolph et al. (18) observed that as compared to patients who had undergone unilateral lobectomy for multinodular goiter, patients who had previously undergone subtotal thyroidectomy had a significantly higher permanent RLN injury rate (3.44% vs. 0.77%). Our results are consistent with those of Kurmann et al., whose retrospective study showed no statistical difference in permanent RLN nerve injury between patients undergoing ipsilateral and those undergoing contralateral redo-surgery (3.8% vs. 0%) (6).
The study of Rudolph et al. (18) also showed that patients who had previously undergone subtotal thyroidectomy had a significantly higher permanent hypoparathyroidism rate than patients who had undergone unilateral lobectomy (5.1% vs. 1.5%). In the present study, however, the ipsilateral and contralateral groups did not exhibit this difference. This may be explained by the limited number of patients in our study.
Our study has some limitations. First, it is a retrospective study and has a relatively limited number of cases. The latter is due to the relative rarity of this surgical procedure. Postoperative vocal cord examinations were not done routinely. Thus, the real rate of vocal cord paralysis cannot be reported, since voice changes may not be recorded in patients with one-sided vocal cord paralysis. Furthermore, the lack of facilities such as intraoperative laryngeal nerve monitoring may also have affected the RLN outcomes especially in the ipsilateral group. Since intraoperative laryngeal nerve monitoring may reduce the morbidity of reoperative thyroid surgery, further studies assessing its ability to reduce RLN injury rates after thyroid reoperation are warranted.
CONCLUSION
Reoperative thyroid surgery is a challenging operation due to the scarring, adhesions, tissue friability, and anatomical distortion caused by the primary surgery. This is responsible for the relatively high incidence of complications after this procedure, as shown by our present study. Reoperative thyroid surgery on the ipsilateral side is associated with greater complication rates than reoperation on the contralateral side, which had not undergone previous surgery. To reduce the frequency of reoperative thyroid surgery and its complications, we recommend that hemi-or total thyroidectomy be performed at the primary surgery instead of subtotal resection.
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